Abstract-Satureja hortensis L. (Lamiaceae) has been used as a folk remedy to treat various such as cramps, muscle pains, nausea, indigestion, diarrhea, and infectious diseases. In this study, the antagonistic effects of essential oil of S. hortensis (SHE) were studied against aflatoxin B 1 (AFB 1 ) in human lymphocytes in vitro. The analysis of the essential oil was performed by using Gas chromatography mass spectrometry (GC MS). Anti genotoxic effects of the SHEs was evaluated using sister chromatid exchange (SCE), micronuclei (MN) tests against AFB 1 . Also level of malondialdehyde (MDA), superoxide dismutase (SOD) and glutathione per oxidase (GPx) activities used to determine the anti oxidative effects of the SHEs. This result showed AFB 1 (5 µM) increased the frequencies of SCE, MN and the level of MDA. AFB 1 at the same concentration decreased the activities of SOD and GPx. However, different concentrations of SHE with AFB 1 decreased the frequency of SCE and MN and level of MDA and also increased the activities of SOD and GPx signifi cantly. Especially, the 1.0, 1.5, 2.0 µL dose of SHE are more effective than other doses. The results of this experiment have clearly shown that SHE has strong antioxidative and antigenotoxic effects, these biological activities of SHEs can be due to its component.
INTRODUCTION
Satureja hortensis L. (Lamiaceae) is an aromatic and medical plant. Leaves, flowers, and stems of S. hortensis are frequently used as tea or additives in commercial spice mixtures for many foods to offer aroma and flavor and called "sater, ank, or anug" by the people from different regions in Turkey [1] . S. hortensis has also been used as a folk remedy to treat various ailments such as cramps, muscle pains, nau sea, indigestion, diarrhea, and infectious diseases. It is used in the traditional medicine in Iran for treating stomach and intestinal disorders [2] .
Extracts of S. hortensis have been shown to have antimicrobial, antioxidant, antispasmodic and seda tive properties [2] . In previous studies, the contents of essential oils and extracts of medicinal plants were demonstrated that they have antimicrobial, antioxi dant, and other biological activities. The chemical composition of essential oils may be different due to the origin, the locality, the environmental conditions, and the stage of development of the collected plant material [3] . 1 The article is published in the original.
Although the biological activity of an essential oil is mainly attributed to its major components, the syner gistic or antagonistic effect of a compound in a minor percentage in the mixture has to be considered. The essential oils from different Satureja species have been found to be different both qualitatively and quantita tively [4, 5] . The essential oil of cultivated summer S. hortensis has been found to be rich in terpinene and carvacrol [6] . In additional, the essential oil of S. hortensis which is widely distributed in the Anatolia region of Turkey, has been measured in the following percentage; thymol (29.0%), carvacrol (26.5%), 3 terpinene (22.6%), and p cymene (9.3%) [7] .
Many edible plant species such as tea, fruits, juices, spices, and vegetables throughout the history of man kind have been attractive to scientists as natural sources of compounds that are safer than the synthetic ones. Many other plants have also been screened for their antioxidant capacities, and attempts led to the introduction of natural antioxidants such as those from rosemary and sage [8] .
Aflatoxins are biologically active secondary metab olites produced by certain species of Aspergillus molds including Aspergillus parasiticus, Aspergillus nominus and Aspergillus flavus [9, 10] . Aflatoxins caused the cellular and DNA damage via two different ways. Firstly, aflatoxins especially AFB 1 (C 17 H 12 O 6 ) is metabolized to AFB 1 8,9 oxide by cytochrome P450 system and forms adduct primarily at N7 position of guanine and are responsible for its mutagenic and car cinogenic effects [11, 12] . Secondly, aflatoxins pro duce reactive oxygen species (ROS) such as superox ide radical anion, hydrogen peroxide and lipid hydro peroxides. The hydroxyl radicals interact with DNA and produces mutations [13, 14] .
In present study, it was aimed to determine whether S. hortensis essential oil (SHE) has any protective effect against AFB1 mutagen agent by measuring sister chromatid exchange (SCE) and micro nucleus (MN) frequencies and activities superoxide dismutase (SOD), glutathione peroxidase (GPx) and malondial dehyde (MDA) level in human lymphocyte cell cul ture in vitro.
MATERIALS AND METHODS

Plant Material
S. hortensis plants were collected during the flower ing stage in July 2009, from the eastern part of Erzu rum city of Turkey (ATA 9350). The identification of plant materials was confirmed by a plant taxonomist, Assoc. Prof. Dr. Yusuf Kaya, in the Department of Biology, Ataturk University, Erzurum, Turkey.
Isolation of the Essential Oil
The air dried and ground aerial parts of plants col lected were submitted to water distillation for 3 h using a Clevenger type apparatus (yield 1.98%, v/w). The obtained essential oil was dried over anhydrous sodium sulfate and, after it was filtered, stored at 4°C until tested and analyzed.
GC MS Analysis Conditions
The analysis of the essential oil was performed using a Hewlett Packard 5890 II GC, equipped with a HP 5 MS capillary column (30 m × 0.25 mm × 0.25 μm) and a HP 5972 mass selective detector. For GC MS detection, an electron ionization system with ioniza tion energy of 70 eV was used. Helium was the carrier gas at a flow rate of 1 mL/min. Injector and MS trans fer line temperatures were set at 220 and 290°C, respectively. The oven temperature was programmed for GC analysis. Diluted samples (1/100, v/v, in ace tone) of 1.0 μL were injected manually and in the splitless mode. The components were identified based on the comparison of their relative retention time and mass spectra with those of commercial standards (for the main components), NBS75K library data of the GC MS system, and literature data. The results were also confirmed by the comparison of the compounds elution order with their relative retention indices on nonpolar phases reported in the literature [15] .
Microscopic Evaluation
Blood samples were obtained by vein puncture from four (two men and two women) healthy non smoking volunteer donors. This study was approved by the local ethics committe. Experiments were also con formed to the guidelines of the World Medical Assem bly (Declaration of Helsinki). Lymphocyte cultures were set up by adding 0.5 mL of heparinised whole blood to RPMI 1640 chromosome medium supple mented with 15% heat inactivated fetal calf serum, 100 IU/mL streptomycin, 100 IU/mL penicillin and 1% L glutamine. Lymphocytes were stimulated to divide by 1% phytohaemaglutinin. AFB 1 (in concen trations of 5 μM), and essential oils of S. hortensis (SHE) were added to the cultures. The experiments were performed on seven groups as follows:
Culture 1: Control Culture 2: 5 μM AFB 1 Culture 3: 5 μM AFB 1 + SHE 0.1 μL Culture 4: 5 μM AFB 1 + SHE 0.5 μL Culture 5: 5 μM AFB 1 + SHE 1.0 μL Culture 6: 5 μM AFB 1 + SHE 1.5 μL Culture 7: 5 μM AFB 1 + SHE 2.0 μL For SCE demonstration, the cultures were incu bated at 37°C for 72 h, and 5 bromo 2 deoxyuridine at 8 μg/mL was added at the initiation of cultures. All cultures were maintained in the darkness. Next, 0.1 mg/mL of colcemide was added 3 h before harvesting to arrest the cells at metaphase. The cultures were centri fuged at 800 g for 10 min. Cells were harvested and treated for 30 min with hypotonic solution (0.075 M KCl) and fixed in a 1 : 3 mixture of acetic acid/methanol (v/v). Bro modeoxyuridine incorporated metaphase chro mosomes were stained with fluorescence plus Giemsa technique as described by Perry and Evans [16] . In SCE study, by selecting 20 satisfactory metaphases for each group, the results of SCE were recorded on the eval uation table. For each treatment condition, well spread second division metaphases containing 42-46 chromo somes in each cell were scored, and the values obtained were calculated as SCEs per cell.
For MN analysis, cytochalasin B was added 44 h after PHA stimulation to a final concentration of 3 μg/mL. Twenty eight hours later (after 72 h of culture) the cells were harvested by centrifugation (900 g × 10 min). The supernatant was removed, the cells were mixed thoroughly and 5 mL of cold hypotonic solution (0.05 M KCl) was added. The cells were subsequently incubated at 37°C for 20 min and centrifuged again (900 g × 10 min). The pellet was mixed thoroughly and 5 mL fresh fixative (1 : 3 acetic acid : methanol) was added dropwise. This fixation procedure was repeated three times and the tube was centrifuged again. The cell pellet was then resuspended in 1ml of fresh fixa tive, dropped on to a clean microscope slide, incu bated at 37°C or at room temperature overnight, and stained with Giemsa dye. Coded slides were scored blind by two independent individuals. Only binucle ated cells were scored for MN analysis. For each sub ject, at least 2000 binucleated cells were analyzed for the presence of MN. For the MN scoring, the micro nucleus criteria described by Countryman and Heddle were used: a diameter less than 1/3 of the main nucleus, non refractivity, not touching, and with the same color as the nucleusor lighter [17] .
Biochemical Analysis
The cell homogenates were prepared at a 1 : 10 (w : v) dilution in 10 mM potassium phosphate buffer, pH 7.4. Samples were centrifuged at 3000 rpm for 10 min at 4°C, and the supernatants were collected and immediately assayed for enzyme activities. All samples were measured in six fold.
Measurement of SOD Activity
Cu, Zn SOD activity in the cell culture superna tant was detected by the method of Sun et al. [18] . Assay reagent in 2.45 mL [0.3 mM xanthine, 0.6 mM Na 2 EDTA, 0.15 mM nitroblue tetrazolium (NBT), 0.4 M Na 2 CO 3 , 1 g/L bovine serum albumin] was combined with 100 μL of the sample. Xanthine oxi dase (50 μL, 167 U/L) was added to initiate the reac tion, and the reduction of NBT by superoxide anion radicals, which are produced by the xanthine xan thine oxidase system, was determined by measuring the absorbance at 560 nm. Cu, Zn SOD activity was expressed in units of SOD per mg protein, where 1 U is defined as that amount of enzyme causing half max imal inhibition of NBT reduction.
Measurement of GPx Activity
GPx activity in the cell culture supernatant was measured by the method of Paglia and Valentine [19] . Briefly, 50 μL of sample was combined with 100 μL of 8 mM NADPH, 100 μL of 150 mM reduced GSH, 20 μL of glutathione reductase (30 U/mL), 20 μL of 0.12 M sodium azide solution, and 2.65 mL of 50 mM potassium phosphate buffer (pH 7.0, 5 mM EDTA) and the tubes incubated for 30 min at 37°C. The reac tion was initiated with the addition of 100 μL of 2 mM H 2 O 2 solution, mixed rapidly by inversion, and the con version of NADPH to NADP was measured spectropho tometrically for 5 min at 340 nm. The enzyme activity was expressed as units per g protein using an extinction coefficient for NADPH at 340 nm of 6.22 × 10 -6 .
Measurement of MDA Level
MDA levels in the cell culture supernatant were determined spectrophotometrically according to the method described by Ohkawa et al. [20] . A mixture of 8.1% sodium dodecyl sulphate, 20% acetic acid, 0.9% thiobarbituric acid was added to 0.2 mL of sample, and distilled water was added to the mixture to bring the total volume up to 4 mL. This mixture was incubated at 95°C for 1 h. After incubation, the tubes were left to cool under cold water and 1 mL distilled water with 5 mL n butanol/pyridine (15 : 1, v/v) was added, fol lowed by mixing up. The samples were centrifuged at 4000 × g for 10 min. The supernatants were removed, and absorbances were measured with respect to a blank at 532 nm. Tetraethoxypropane (1,1,3 ,3 tetra ethoxypropane) was used as the standard. Lipid perox ide levels were expressed as mol/L MDA. Protein con centrations in the cell culture supernatant were deter mined by Bradford method [21] . All photometrical measurements were performed with a DU 530 spec trophotometer (Beckman Instruments, Fullerton, California, United States) in a quartz cuvette.
Statistical Analysis
The statistical analysis of MN frequencies was per formed by use of the χ 2 test. For statistical analysis of biochemical parameters and analysis of SCE values Mann-Whitney U test was used. A value of P less than 0.05 was accepted as statistically significant. Results were expressed as mean ± SD. For these pro cedures, SPSS 15.0 version for Windows (SPSS Inc, Chicago, United States) was used.
RESULTS
GC MS analysis of the crude oil isolated from dried aerial parts of S. hortensis resulted in the identification of 15 compounds. Carvacrol (79.17%), gamma terpinene (9.05%), terpinene 4 ol (4.55%), p cymene (3.14%), thymol acetate (2.24%) and B caryophyllene (1.48%) were the main components (87.4%) of the oil based on GC MS analysis (Table 1) . AFB 1 caused significant formations of SCE and MN on peripheral lymphocytes as seen in Table 2 . Such an increase was found to be statistically significant (p < 0.05). Whereas, SCE and MN frequencies decreased by different concentrations (1.0, 1.5, 2.0 μL) of S. hortensis simultaneous treatments with AFB 1 . Such a decrease was found to be statistically significant (p < 0.05). Other doses of S. hortensis were not caused a decrease in SCE and MN frequencies. The 1.5-2 μL dose of SHE were more effective than other doses.
The results of the effect of essential oil on anti oxi dant enzymes in human blood cells was determined by measuring GPx, SOD and MDA activities as shown in Table 3 . AFB1 caused a decrease in the activities of SOD, GPx and an increase in MDA level. These results were found to be statistically significant (p < 0.05). However, these effects of AFB 1 decreased co treat ment with higher concentrations of essential oil. In summary, significant increases in the activities of SOD, GPx and decreases in level of MDA were observed compared with treatment of AFB 1 alone.
DISCUSSION
GC MS analysis of the crude oil isolated from dried aerial parts of S. hortensis resulted in the identifi cation of 15 compounds. In the previous studies, the essential oils from different Satureja species have been found to differ qualitatively and quantitatively [5, 7, 22] . The essential oil of the cultivated S. hortensis plant has been observed to be rich in thymol, carvacrol, and ter pinene chemotype. In addition that, other studies by Ghannadi have been reported that thymol/carvacrol (1 : 1 59.7%), terpinene (12.8%), and p cymene (9.3%) are major constituents of the oil isolated from the seeds of S. hortensis [23] . S. hortensis essential oil has also been reported as a source of gamma terpinen, thymol, carvacrol and other phenols [6, 7, 22, [24] [25] [26] . In this study it has been observed that SHE has rela tively higher amounts of carvacrol (79.12%), ter pinene-chemotype (14.05%), p cymene (3.14%) and thymol (2.24%). As emphasized before in some researches, essential oil content can be affected by the influence of several local, climatic, and seasonal fac tors. For example, severe water stress was reported to alter carvacrol/ terpinene contents [7, 22, 27] .
The antigenotoxic activities of SHE against AFB 1 in the present study were assessed by evaluating MN and SCE frequencies as shown in Table 2 . SHE was found to be effective against genotoxic effects of AFB 1 . The observed antigenotoxic activity of SHE can attribute to the essential oils compositions. Antigenotoxic activity of the essential oils is apparently related to their high car vacrol, terpinene, particularly p a cymene and thymol. In a previous study, it has been reported that carvacrol has antimutagenic activity on SCE induced mitomy cin C in human lymphocyte cultures [28] . In addition, Soltani et al., has showed that S. hortensis has protec tive properties on DNA lesions in rat lymphocytes exposed to oxidative stress and this protective effect have been linked to compounds such as thymol, car vacrol, and γ terpinene [29] . The observed antigeno toxic activities of the essential oil are thought to be related to the high content of these components in the oil especially, carvacrol. Also, our results showed that AFB 1 caused a decrease in SOD and GPx activities and an increase in level of MDA. But, these effects of AFB on enzymes decreased cotreatment with S. hortensis essential oils. Previous researches have reported S. hortensis essen tial oils have antioxidant capacity and the antioxidant capacity have been linked to compounds such as thymol, carvacrol, and terpinene, γ terpinene, p cymene [7, [30] [31] [32] . The antioxidant capacity of S. hortensis could be depended on carvacrol which is the major compo nent in the essential oil of S. hortensis. The antimu tagenic effect of carvacrol may be due to its antioxi dant property as reported by some researches [28, 29] . In summary, anti genotoxic effect of SHE may be attributed to the antioxidant activity of the mentioned compounds. The essential oils of S. hortensis have antigenotoxic and the antioxidant activities therefore; they can be used as a natural preservative ingredient in the food or pharmaceutical industry.
